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Figure 2: A Web session illustrating the use of out-of-turn interaction in a US 
congressional site. This progression of interactions shows how the (Democrat, 
Senate, Georgia, Senior) interaction sequence, which is indescribable by browsing, 
may be realized. In steps 1 and 2, `Democrat' and `Senate' are spoken out-of-turn, 
respectively, when the systems solicits for state. In step 3, the user clicks `Georgia' 
as the state (an in-turn input). The screen at step 4 shows that only the Senior 
Senator from Georgia is a Democrat, and leads the user to his homepage. Fig. 2 showcases the use of out‐of‐turn interaction. At the top level of the site, the user is unable to make a choice of state, because s/he is looking for states that have Democratic Senators. S/he thus speaks `Democrat' out‐of‐turn, causing some states to be pruned out (e.g., Alaska). At the second step, the site again solicits state information because this aspect has not yet been communicated by the user. The user speaks `Senate' out‐of‐turn, causing further pruning (e.g., of American Samoa), and retaining only regions that have Democratic Senators. At this point, the goal has been achieved (the user notices 31 states satisfying the criteria), and s/he proceeds to browse through the remaining hyperlinks. Notice that these are contextually relevant to the partial information supplied thus far, so that when `Georgia' is clicked, there is only one choice of seat (Senior) implying that the other Senatorial seat is not occupied by a Democrat. 
How is out-of-turn interaction different from using a search engine? Search engines are characterized by specification of complete information, because the interaction is terminated by returning a flat list of results, which curbs the user‐site dialog. out‐of‐turn interaction continues the dialog and situates future dialog choices (e.g., hyperlink options) in the context of previously supplied partial information. 
How do users know what to say? As Yankelovich (1996) points out, the typical problem in conversational engines is that `the functionality of applications is hidden, and the boundaries of what can and cannot be [said] are invisible.' Out‐of‐turn interaction inherits this problem but in a 
less pronounced manner, since it merely allows a site's existing navigation structure to be realized in a different order. The only legal inputs are those that are already present in the browsing structure! Vocabulary for out‐of‐turn interaction is hence the same as the universal set of hyperlink labels. In the study presented here, the users were provided with meta‐query facilities to help understand the yet‐unspecified aspects of the dialog. 
Why is out-of-turn interaction useful? out‐of‐turn is useful because what the site is requesting from the user may actually be what the user is seeking in the first place! For example, in Fig. 2, the site is soliciting state but the user is looking for states with a certain property. 
When is out-of-turn interaction relevant? The benefits of out‐of‐turn interaction are immediately apparent when there are dependencies underlying the facets. For instance, not all states have Democrats, and so upon saying `Democrat' out‐of‐turn in Fig. 2, the user is immediately provided visual feedback by a pruning of state choices. Such pruning not only updates the dialog state but also implicitly reinforces the continuation of the dialog to the user. When there are a significant number of dependencies, and/or the site is non‐faceted (e.g., the Open Directory Project at dmoz.org), such pruning is even more drastic and out‐of‐turn interaction effectively delivers a shortcut to a page deeper in the hierarchy. In this paper, we focus on faceted Websites. 











Figure 4: An out-of-turn dialog with an online course selection system. When 
prompted for a department, the user types in the name of an instructor (Burns) 
using the Extempore toolbar. Several dependencies are automatically triggered and 
used to infer that the user is interested in a lecture course offered by the 
Mathematics department. This effectively provides a shortcut to a choice of 




A. Find the Webpage of the Junior Senator from New York. 
B. Find the Webpage of the Democratic Representative from District 17 of Florida. 
C. Find the Webpage of the Republican Junior Senator from Oregon. 
D. Find the Webpage of the Democratic member of the House in Rhode Island 
serving District 2. 
E. Find the states which have at least one Democratic Senator. 
F. Find the states which have twenty or more congressional districts. 
G. Find the states which have at least one Republican member of the House. 
H. Find the political party of the Senior Senator representing the only state which has 




Figure 5: Minimum number of interactions (log10 scale) required to successfully 
satisfy each information-finding task using in-turn (dark) and out-of-turn (light) 
interaction. Note that Task F can be completed with just one out-of-turn interaction, 











General usage patterns Results indicate a high frequency of usage for out‐of‐turn interaction. 94.4% of the 177 sequences contained at least one out‐of‐turn interaction. In addition, every participant used out‐of‐turn interaction for at least 70% of the tasks, with 16 people using it in all tasks. Conversely, every task was performed with out‐of‐turn interaction by at least 80% of the participants, with 4 tasks enjoying out‐of‐turn interaction by all participants. These results are encouraging because Extempore usage is optional and not prompted by any indicator on a Webpage. Participants successfully completed the given tasks irrespective of the presented interface (voice or toolbar). 
Classifying interaction sequences The 177 interaction sequences were classified into five categories denoted by: (i) I, (ii) O, (iii) IO, (iv) OI, and (v) M. The I and O categories denote sequences comprised of purely in‐turn or out‐of‐turn inputs, respectively. In IO sequences all in‐turn inputs precede out‐of‐turn inputs (analogously, for OI). For instance, the interaction shown in Fig. 1 would be classified under I, and that in Fig. 2 is in OI. M (mixed) sequences are those which do not fall in the above categories. We posit that this classification provides insight into users' information‐seeking strategies, and can be related to the nature of the information‐finding task. 
 
Figure 6: Classification of 177 (participant, task) interaction sequences. 
 {I} {O,IO,OI,M} total 
non-oriented 10 86 96 
out-of-turn-oriented 0 81 81 
total 10 167 177 
 
Table 1: Breakdown of 177 interaction sequences in various categories. The total 
number of interaction sequences for out-of-turn oriented tasks is 15 less than 
that for non-oriented tasks; these were the sequences where the participant did 
not complete the task successfully. Fig. 6 shows the distribution of the 177 sequences into the five classes, and Table 1 depicts a breakdown by both task orientation and classes. Notice that O, OI, IO, and M classes have been grouped in Table 1 to distinguish them from pure browsing interactions (I). As Fig. 6 shows, 10 of the 177 sequences fall in the I class, i.e., these are browsing sequences. As Table 1 (lower left) shows, all of the 10 browsing sequences were generated in response to non‐oriented tasks, revealing that a 100% (81/81) of the sequences for out‐of‐turn‐oriented tasks involved out‐of‐turn interaction. Therefore, 
1. users never attempted to achieve an out-of-turn-oriented task through browsing; 
or in other words, 
2. users always employed out-of-turn interaction when presented with an out-of-
turn-oriented task. 
 Our results show that users never succeeded at doing an out‐of‐turn‐oriented task purely by browsing. This is notable because it confirms that users are adept at discerning when out‐of‐turn interaction is necessary. 
Detailed analysis of interaction classes Let us now study the interactions in classes O, OI, IO, and M. The 69 pure out‐of‐turn sequences (O) were observed only in out‐of‐turn‐oriented tasks E, F, and G, and were used by all the 24 participants. This clustering of the O sequences on three tasks shows that, whenever participants completed these tasks, they did so in the shortest manner possible. Refer again to Fig. 5 for the sharp contrast in the length of the minimum out‐of‐turn sequence from the minimum in‐turn sequence, for these tasks. Classes IO, OI, and M contain the sequences exhibiting rich interaction strategies. Classes IO and OI were observed in near‐equal numbers, and primarily in the non‐oriented tasks (A, B, C, and D) with the exception of OI, which was also seen in task H. No particular clustering was observed with respect to participants. The 17 class M interactions exhibited only two types of patterns ‐‐ 14 with an OIO form, and 3 with an IOI form. Furthermore, like OI, these 17 mixed interactions also involved only the non‐oriented tasks (A, B, C, D) and task H. It is interesting that we observed OIO and IOI sequences in a site with only four levels. Once again, no specific clustering was observed on participants. 
Cascading information across subtasks Recall that 15 interaction sequences led to incorrect answers; interestingly 12 of these 15 were generated in response to Task H. Notice that Task H is challenging, because it involves two subtasks and cascading information found in one into the other. The user is expected to first find the only state having Independent congressional officials (Vermont), and then find the political party of the Senior Senator from that state (Democrat). In other words, this task requires procedural, not just declarative, knowledge, a distinction motivated in the Strategy Hubs project (Bhavnani et al. 2003). 
 
Figure 7: Task H: the user is expected to first find `Vermont' in one Interaction (1) 
and go back (2a) to supply it as input in another interaction (3) to find the party of 
the Senior Senator from that state. The interaction labeled 2b is unnecessary and 
irrelevant for this task. Most participants were adept at finding that Vermont was the desired state (e.g., by saying `Independent' at the outset), but did not realize that the task cannot be completed by continuing that interaction. As Fig. 7 shows, clicking on the only available state link (`Vermont') now presents a choice of House versus Senate. Clicking on Senate takes the user to the Webpage of Jim Jeffords, who is the Junior Senator from Vermont, not the Senior Senator! Some users immediately realized the problem, as identified in their retrospective interviews, e.g.: ``This question was tricky. Cause it was, I was like wait, if he's Independent then his party is Independent ... at first [I thought] it was the Senior Senator who was Independent ... and I got this guy's Webpage, and then I saw that he was the Junior ... So then I eventually went back to Vermont and got the [Senior] guy.''  Only 12 (50%) of the participants successfully completed this task. This result demonstrates that cascading information across subtasks is challenging. It was clear that all users wanted to continue the interaction, but some failed to realize that out‐of‐turn interaction as presented here is merely a pruning operator, and not constructive. Investigating the incorporation of constructive operators such as rollup/expansion is thus a worthwhile direction of future research. 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